. Introduction
chromatographic techniques can be used to prepare the sample to a refined separation on a second Multidimensional (MD) separation techniques are separation media [2, 3] . The application of multia result of combining two or more independent or dimensional techniques to the analysis of the aroma nearly independent separation techniques [1] . For compound changes during MLF brought about the complex samples, multidimensional techniques can possibility of analysing the minor compounds and provide a remarkable improvement on physical the possibility of their enantiomeric analysis. In wine separation of individual compounds [1] . In convenflavour, terpenes, for instance, represent just 1% of tional MD when the second dimension is a chiral the extract and are known to significantly contribute column, two aims are achieved: reduced peak crowdto the bouquet [4, 5] . To achieve complete chemical ing and chiral separation. Off-line multidimensional information on wine volatile compounds, in addition to compound identification, it is important to study the structural configuration and enantiomeric ratio. In fact, the enantiomers of a compound can differ addition, determination of enantiomeric excess (ee) were analysed by HPLC / UV on a Waters instrument can be used in adulteration detection [6, 7] . MLF, the model 600E (Waters Corporation, USA) equipped second wine fermentation, is considered as having with a Waters 2487 Dual l detector and a Rheodyne the main role of reducing wine acidity. Most of the injector with a 20-ml loop. Detection was achieved at papers that deal with wine aroma changes during 210 nm on an Aminex HPX-87H column (30037.8 MLF are directed to the aroma impact of different mm) from Bio-Rad. Temperature was kept at 30 8C 21 compounds [8, 9] , or the study of bacterial influence and flow-rate was 0.6 ml min . Eluent was H SO 2 4 [10] . Results are controversial and conclusions are 4 mM. Quantification was achieved by a calibration somehow different [7] . No authors have directed curve obtained for the concentration range of 6.253
their attention, so far, to the enantiomeric changes 10 -1310 mol l . Correlation coefficients of produced during this fermentation. In fact, little 0.9997 and 0.9999 were obtained for the calibration attention has been given to the impact of enantiomers curves of malic and lactic acids, respectively. on wine aroma [11] . The use of conventional liquid Butane-2,3-dione quantification was achieved by chromatography to the pre-separation of complex SIM-GC-MS analysis of a butane-2,4-dionediacetyl aroma extracts has already been described and used derivative 6,7-dichloro-2,3-dimethylquinoxaline in different types of samples [2, [12] [13] [14] [15] . Its use as a (DCDMQ) according to the method already depre-separation technique prior to GC analysis of scribed by Martineau et al. [17] . The derivatives volatile compounds has not really been examined.
were analysed by GC-MS using a MD 800 from Off-line multidimensional HPLC / GC has allowed Fisons. GC separation was achieved using a DB-Wax the collection of several fractions that were analysed (J&W Scientific, Folsom, USA) capillary column by GC and / or GC-MS and, whenever needed, by 30 m30.25 mm I.D. using helium as the carrier gas enantioselective GC.
at a pressure of 100 kPa. and 268 were used for nonadecane (internal standard). Quantification was accomplished by the area Wine preparation has been carried out at SOGratio versus concentration ratio using the internal RAPE winery in the Dao region (North Portugal). As standard method. According to others [17] calibrasoon as alcoholic fermentation was achieved, wines tion curves for DCDMQ were linear within the were transferred to 50-l inox containers. Both conconcentrations ratios studied. Within run precision tainers were kept at 18 8C. These containers followed was estimated by injecting the same sample seven spontaneous MLF. Samples (one 0.75-l bottle) were times. A relative standard deviation of 0.172% was taken each weekday (during November and Dedetermined. cember 1999) until complete MLF (followed by paper chromatography at the winery) and stored at 2 .3. Ethyl lactate analysis 4 8C. After MLF completion, the remaining wines were transferred to bottles and kept at 4 8C until For ethyl lactate analysis, 25 ml of wine was analysis. Two wines were monitored: 0107 and 0105.
dealcoholized by vacuum distillation until 75% of the initial volume. To this solution 2.5 ml of a 2 .2. Sample preparation solution (1% in water) of the internal standard (methyl lactate) was added and the volume (25 ml) Organic acids were extracted by SPE using a LC made up with deionised water. From this solution, 18 SPE cartridge (Supelco, Bellafonte). The eluates 10 ml was extracted with 3310 ml dichloromethane.
The extracts were combined and evaporated under Pre and main column were connected via a livenitrogen until a final volume of about 2 ml. From switching coupling piece (live T piece). Retention this solution, 1 ml was used for GC analysis.
time on the pre-column was 6.6 min for ethyl lactate. GC analysis was carried out using a 30 m30. 25 Cut time interval was 6.3-6.9 min for ethyl lactate. mm I.D. DB-Wax column (J&W Scientific), a GOWReproducibility was evaluated by injecting the same MAC series 600 GC (GOW-MAC Instrument Co., sample five times. RSD % was 0.75 for the (R)-ethyl Shannon, Ireland), and split injection. Oven temperalactate and 1.58 for the (S)-ethyl lactate. ture was kept at 80 8C. Detector and injector temperatures were 280 and 250 8C, respectively.
2 .5. Aroma compound analysis Ethyl lactate 98% and methyl lactate 98% from Aldrich were used to prepare the calibration curve.
Aroma compounds were extracted as previously Quantification of ethyl lactate was achieved by the described [18] ; 50 ml of wine were used to which internal standard method. Calibration curves were octan-2-ol was added as internal standard at a l of ethyl lactate using methyl lactate as internal three times using 151515 ml of dichloromethane. at a rate of 2 8C min to 85 8C and then 6 8C min model 600E equipped with a UV detector Waters up to 220 8C with a holding time of 15 min. Carrier 2487 using a 200-ml sample loop. Fractions were gas velocity was adjusted to a hold up time of 60 s collected every 2 min. The final total volume of for methane at 100 8C. Enantio-multidimensional sample was 8 ml. The column used was a semi-GC-MS (e-MDGC)-MS, was carried out with a preparative Interchim column (Interchim, MonSiemens SiChromat 2.8 double oven gas chromatotluçon, France); 250310 mm packed with Lichgraph and a GCQ ion trap detector (Finnigan Mat), rosorb diol (particle size 5 mm). The initial eluent connected to the main column by the ITD transfer was pentane / diethyl ether program, 3 min at 50 8C then 2 8C min up to follows: meso-butane-2,3-diol 0.006 ml ml , (S,S)-210 8C and held until the end. Injection volume was butane-2,3-diol and (R,R)-butane-2,3-diol 0.01 ml 21 21 between 0.5 and 1.0 ml. Injection mode: splitless for ml , and pentane-2,4-diol 0.05 ml ml . Several 1 min.
successive dilutions of these stock solutions were For enantioselective chromatography, a 30 m3 used. 0.25 mm I.D. tailor-made fused-silica capillary colTo each panelist, a glass with between 10 and umn coated with 0.25 mm film thickness of 15% 20 ml of each dilution was given. Panelists were heptakis (2,3-di-O-methyl-6-O-tert.-butyldimethylasked to assign a description and note the limit above silyl)-b-cyclodextrin in SE 52 (DiMe) was used. GC which aroma could be detected. operating conditions were the same, except for a higher GC time. The oven was programmed from 210 to 220 at 10 8C and held until the end. Chroma-3 . Results and discussion tography was carried out using the same GC apparatus.
The so-called ''key turn points'' (start, middle and GC-MS analysis was carried out using a GCend) of MLF were determined by controlling the Trace Thermo Quest Instrument coupled to a MSevolution of the ratio lactic / malic (L / M) acids, Trace Finnigan-Mat (EI, 70 eV) and the same DBstarting just after alcoholic fermentation. This ratio Wax column. Analytical conditions: interface temincreases with time. After the 17th day, the conperature 220 8C; ion source temperature 200 8C. GC centration of malic acid could not be detected for operating conditions were identical to those dewine 0107, whilst wine 0105 shows a ratio (L / M) of scribed above, using helium as the carrier gas. The 95 after 21 days. Butane-2,3-dione (a key compound mass spectrometer was scanned either over the range of MLF) [17, 19, 20 ] reaches a maximum (around m /z 40-300 or by time-scheduled selected ion days [12] [13] [14] , decreasing at the end of MLF when the monitoring (SIM). SIM was used to achieve better L / M stabilizes. These results are in good agreement identification and R /S ratio determinations.
with the evolution followed by the L / M ratio. These two sets of results were used to determine the 2 . 8 (R,R)-Butane-2,3-diol; (S,S)-butane-2,3-diol and 0.15 to 47.78 mg l for wine 0107. These results meso-butane-2,3-diol used for stereoisomer identifiare in agreement with others that concomitantly refer cation were purchased from Sigma with 97, 99 and to unpleasant notes when its intensity is too high 97% enantiomeric purity, respectively; ethyl(R)-(2)- [21] . The enantiomeric ratio of the produced ethyl hydroxybutyrate was purchased from Aldrich with lactate was monitored at the start middle and end of 98% enantiomeric purity while the S compound was MLF, using on-line multidimensional GC (Fig. 1) . In also from Aldrich but with 99% enantiomeric purity.
fact at the beginning of MLF, while there is a high Pentane-2,4-diol was also from Aldrich and both malic acid concentration, one observes a ratio R /S of stereoisomers had an enantiomeric purity of 99%.
62:38 for the 0107 wine and 78:22 for 0105. For 2-methylbutan-1-ol, only the S enantiomer was However, in both wines, this ratio decreased during tested (from Aldrich) with an enantiomeric purity of MLF reaching the ratios of 53:47 and 57:53 for the 99%. (S)-Ethyl lactate was from Aldrich with an respective wines at the end of MLF. Semi-quantitaenantiomeric purity of 98%. All optical purities were tive data has shown that whilst the R enantiomer was confirmed by enantioselective GC analysis.
reduced by 50-68% (depending on the wine studied) Pre and main column were connected to a live-switching coupling piece (live T-piece). The elution orders of the substances studied were assigned using reference materials of definite chirality. Retention time on the pre column was 6.6 min for ethyl lactate. Cut time interval was: 6.3-6.9 min for ethyl lactate (B).
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during MLF the S enantiomer was raised 85-78%. ml of wine) were calculated from peak area of The high percentage of (S)-ethyl lactate found in components versus area of internal standard [22] ; no these samples agrees with the induction of MLF by response factors were used [1, 14, 22] . We could spontaneous infection [16] .
observe from data on Table 1 that some of the To study the evolution of volatile compounds compounds rose and others decreased during MLF. during MLF, dichloromethane extracts of wine samMost, however, did not suffer any change. Belonging ples were analyzed at previously determined ''key to the first group are: 3-hydroxybutan-2-one, ethyl turn points''. The GC and GC-MS-TIC chromatolactate, 3-methylbutan-1-ol, diethyl succinate, 2-grams obtained are rather complex and do not show phenylethanol, 2-methylpropan-1-ol, both peaks of relevant qualitative differences. Volatile compounds butane-2,3-diol (meso, and the enantiomeric pair R,R were tentatively identified from their mass spectra by and S,S), and the acetic and hexanoic acids. Between comparison with library data (Wiley Spectral lithe groups of compounds that decreased during MLF brary). relevant change. In order to simplify and resolve separation was achieved by HPLC (first dimension) coelution problems, an off-line multidimensional followed by a second separation by either normal chromatography approach was used where the first GC-MS or enantio GC-MS. HPLC chromatography allowed the fractionation of the extract by compound synthetic chiral aroma substances. Among the chiral families, 22 fractions were collected. The analysis of compounds identified: butane-2,3-diol; ethyl 3-hythese fractions by GC-MS allowed further identificadroxy butyrate; 3-hydroxybutan-2-one; pentane-2,4-tion of an additional 38 compounds (Table 2) . This diol and 2-methylbutan-1-ol were submitted to enanmethod acknowledged: (a) the identification of a tioselective GC. The identification of the different large number of compounds that could not be stereoisomers was obtained by either coinjection identified before, probably, because they coeluted with pure enantiomeric standards or biosynthetic with major compounds; (b) the identification of trace deduction as proposed further for 3-hydroxybutan-2-compounds; (c) the separation of compounds that one. Quantification to assess enantiomeric ratios normal GC, using Carbowax-coated columns was not during MLF was achieved by means of enantioselecable to separate, like 3-methylbutan-1-ol and 2-tive GC-MS-SIM using the following characteristic methylbutan-1-ol. During fractionation, the first apm /z ions: 76, 117, 88 and 71, respectively for peared in fraction 11 whereas the second came in butane-2,3-diol, ethyl 3-hydroxybutyrate, 3-hydroxyfraction 10. To the aroma of 3-methylbutan-1-ol, oily butan-2-one and pentane-2,4-diol. Quantification was and whiskey aromas have been assigned [23, 24] not necessary for 2-methylbutan-1-ol because only whilst the 2-methylbutan-1-ol has not been referred the S enantiomer was found during MLF. shows the enantiomeric ratio of these compounds at The chiral compounds identified (Table 1) dethe three key points of MLF. For ethyl 3-hydroxyserved special attention. The biosynthesis of these butyrate, we could not observe quantitative enantiocompounds is often enantioselective [6] , and the meric changes during MLF, the aroma related to this quantification of the enantiomeric ratio can be used compound is fresh, fruity and grape-like [23, 24] ; to improve the knowledge of the aroma and quality 3-hydroxybutan-2-one and butane-2,3-diol on the of wines. In addition, determination of enantiomeric other hand showed a different behaviour. To assess excess (ee) can be used to detect aromatisation with the order of elution for the three stereoisomers of butane-2,3-diol, each enantiomeric standard were separately injected. The order of elution was as T able 2 follows, R,R followed by the S,S and the meso tion order of the three stereoisomers was determined by e-GC-MS. Literature [26] notes that (R,R)-pennever been noted as part of wine aroma, its odorant tane-2,4-diol can be obtained by enantioselective impact was also tested; two-thirds of the panelists reduction of acetylacetone (pentane-2,4-dione) from attributed an aroma descriptor and still recognized 21 the resting cells of methanol yeast, Candida boidini, the aroma at a concentration of 6 ml l . a wild yeast that can also be present during wine processing. Although contamination cannot be completely excluded, the fact that the compound was A cknowledgements present in two different wines virtually excluded this assumption. Pentane-2,4-dione and 4-hydroxypentanWe wish to thank Professor A. Mosandl, Johann 2-one were also detected in the three stages of MLF Wolfgang Goethe University, for the use of the studied. These compounds are not listed in Tables 1˜M DGC-MS apparatus and Fundaçao para a Ciencia and 2 since these just refer to compounds previously e Tecnologia for financial support as POCTI /AGR / cited in the literature.
11116 / 98. To demonstrate the impact of enantioseparation, water solutions of the three stereoisomers of butane-2,3-diol and pentane-2,4-diol were sniffed by an untrained panel. Descriptors used were not suggested R eferences or confirmed by positive assignment. Results clearly show that each stereoisomer of butane-2,3-diol has a 
